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Abstract 
Conventional terraced houses in Malaysia have deep floor plans which limit natural cross ventilation.  Inevitably, 
certain rooms are subject to solar gain and cause thermal discomfort to occupants who then dependent on mechanical 
cooling; thus incur high operational energy cost.  This paper advocates Passive Architecture (PA) terraced house 
which design strategies create natural thermal comfort for occupants.  The indoor thermal comfort in the two 
hypothetical schemes, i.e., conventional and PA terraced houses is simulated.  The result shows that PA terraced 
house has a definite environmental prospective to house owner/occupant and offer a positive returns to the developer.  
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1. Introduction 
Malaysia is located between 1oN and 7oN of the Equator and experiences daily diurnal temperature 
between 24 and 36oC (Meteorology Department of Malaysia, 2009).  In such a hot and humid climate, 
mechanical ventilation or mechanical cooling is important in order to maintain comfortable indoor 
conditions. However, these appliances, particularly mechanical cooling system requires substantial 
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amount of operational energy, mainly electricity.  A study carried out by the Centre for Environment, 
Technology & Development, Malaysia (CETDEM, 2006) found that an average local urban household 
used 44% of the total monthly electricity consumption for mechanical cooling. 
Sh. Ahmad (2004) in her study on thermal comfort in residential apartments affirmed the indoor 
thermal comfort zone for Kuala Lumpur, Malaysia is between 23.6 and 28.6oC.    Rationally, when the 
indoor air temperature is in these ranges, occupant would not require mechanical cooling.  This is 
particularly possible at night, when the external air temperature drops to about 24oC.  On the contrary, 
Kubota & Toe (2008) reported the use of mechanical cooling in houses, specifically air conditioning 
system is on the rise, from 13,000 households in 1970 to 229,000 households in 1990; and leaped to 
775,000 households in 2000; and most houses left the system running throughout the night time.  It is 
believed that indoor thermal discomfort happens at night due to poor house design that traps heat and 
solar gain during daytime and radiates it indoor at night time.   
The objective of this paper is to describe the features of Passive Architecture (PA) design strategies for 
terraced houses and to prove that PA terraced house offers natural thermal comfort as long as possible 
which makes mechanical cooling at that time, unnecessary.   
2. Literature Review 
Passive Architecture (PA) is a term coined to describe buildings designed to be responsive to the local 
climatic conditions such that comfortable indoor condition is created naturally, for as long as possible 
(Zaki et al., 2007).  The terminology is expressed as ‘passive’ to portray a defensive or protective 
approach of house design in shielding occupants from the local climate elements; and ‘architecture’ place 
this responsibility to the Architect being the ‘Principal Submitting Person’ in the Uniform Building By-
Law and the profession is obligated to create good building design (Zaki et al., 2008).  Fundamentally, in 
hot and humid tropics such as Malaysia, PA design strategies aim to avoid heat from the sun, promote 
natural cross ventilation from the prevailing wind and ensure daylight into the building.  In the local 
context, it is observed that the traditional Malay house exemplifies physical attributes (e.g.: raised floor, 
louvered windows, large overhangs, etc.) that give the desirable effect (i.e., cool house) propagates by PA 
design strategies (Fig. 1).   
 
 
 
 
 
 
 
Fig. 1. Typical Traditional Malay House  
However, modern houses have evolved to be far from the vernacular ones. Nonetheless, many experts 
have deliberated on the critical PA design strategies for modern houses in the tropical countries.  
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2.1 Orientation 
Thomas and Garnham (2007) advised building orientation is a fundamental first action in making 
“passive” building and it should be determined by factors of the sun and the prevailing winds (Fig. 2).  
According to La Roche et al. (2001), in the Equator, building should avoid large fenestration on the west 
and east which receive approximately twice the amount of solar irradiation compared to on the north and 
south sides (Fig. 2).  
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. PA Design Strategies for Modern Houses in the Tropics 
2.2 Building Form 
When building in the tropics needs to limit its exposure on east and west sides, the optimum form is 
inevitably rectangular, elongated east-west (Konya, 1980) (Fig. 2); and consequently results for shallow 
floor plan that encourages natural cross ventilation (Tombazis and Preuss, 2001) (Fig. 2). 
2.3 Window Openings for Ventilation 
Window openings in the hot and humid climate should be large to catch breeze from the prevailing 
wind and rooms should be arranged in a single banked for cross ventilation (Konya, 1980).  In addition, 
small simple openings located near ceiling level can ensure minimum air exchange in a room without 
increasing heat gain considerably (Koch-Nielson, 2007).   
2.4 Sun Shading Devices 
Sun shading devices should be provided corresponds to the sun path.  For tropical countries, the best 
type and position for sun shading devices is projected canopy at the top of windows on the east and west; 
and protruding fins at the sides of windows on the north and south (Koch-Nielsen, 2007).  
2.5 Wall and Roof Insulation 
Konya (1980) stressed that it is important to adequately insulate roof because heat gain in the tropical 
countries is the most on top of a building. Koch-Nielson (2007) suggested that air is the best insulator 
such as in jack roof (pitched roof with raised ridge) that causes stack effect; and ‘parasol roof’ with air 
gap that encourages cross ventilation and releases hot air that gets trapped in the roof space (Fig. 2).  
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3. Methodology 
A typology of conventional terraced house is deduced from a survey of the housing market at the 
Malaysia Property Exhibition in Kuala Lumpur for years 2008 and 2009; after which it is transformed to 
be a PA terraced house.  Two main rooms, i.e., living/dining area and master bedroom in the two types of 
houses are simulated for thermal comfort.  The results are compared against the standard to ascertain the 
time when occupant would feel thermal discomfort thus need mechanical cooling and incur operational 
energy cost.  Then the two types of terraced houses, namely conventional and PA terraced houses are 
arranged on a given site to deduce the Return of Investment (ROI) for the developer. 
4. Results and Discussions 
4.1. Typology of Conventional Terraced House 
Conventional terraced houses are normally arranged on a site for maximum return to the developer.  
As a result, several housing units are subjected to high solar gain, particularly the ones facing east and 
west.  For houses facing west, the facades absorb solar irradiation in the afternoon; and naturally re-
radiated the heat into the houses at night when the external air temperature is low.  According to 
Mohamed et al. (2008), the typical plastered brick wall used in the local housing development has high 
heat storage capacity which means large amount of heat gain will be released into the room at night.  As a 
result, occupant will need to use mechanical ventilation to rid hot air out of the room; or mechanical 
cooling to lower indoor air temperature as found in the study by Kubota and Toe (2008).   
 It is very common for terraced houses to have deep floor plans.  Typically, bedrooms in 
conventional terraced houses have windows at only one façade that limits cross ventilation due to the 
little pressure difference across the room.  At night, when the wind speed is at its lowest, the bedrooms 
become warm due to the trapped hot air.   
Conventional terraced houses normally have standard sun shading device regardless of sun path.  
Sometimes there is no sun shading device at all near the windows.  As a result, it aggravates internal heat 
gain.  To avoid glare at such windows, occupant may draw the curtains.  However, this would only trap 
heat inside the room.   
Similarly, the provision for natural ventilation is also underprovided.  Most houses provide the same 
window for both natural lighting and natural ventilation despite the contradictory nature of the two 
requirements.  Whilst large opening allow more light into the room, it tolerates heat and solar gain into 
the room.  The lack of natural ventilation outlets aggravates the problem.  In addition, such windows have 
curtains or internal blinds which rail is fixed above the openings.  When natural lighting is not required or 
occupant wishes to maintain privacy by drawing the curtain, natural ventilation is obstructed and likely to 
result for the room air temperature to rise.  As a result, hot air remains trapped in the room and causes 
thermal discomfort.  Occupants would need to make personal adaptation such as using mechanical 
cooling; hence incur operational energy cost.   
4.2.  Transformation of Conventional Terraced House into PA Terraced House 
The paper advocates that changing the basic element of a house, i.e., orientation will create a 
significant improvement in indoor thermal comfort.  A typical terraced house is transformed into a PA 
terraced house by re-orientating its floor plan.  Basically, the rectangular form and layout of a 
conventional terraced house is rotated by 90o so that the 6-metre (20 feet) frontage of the house becomes 
the party wall (Fig. 3).  The transformation results for the deep floor plans of a typical conventional 
304   Wan Rahmah Mohd Zaki et al. /  Procedia - Social and Behavioral Sciences  42 ( 2012 )  300 – 310 
terraced house (Figs. 3a and 3c) to become shallow floor plans as required in a PA terraced house (Figs. 
3b and 3d).  Consequently, the long sides of the conventional terraced house become the front/rear of the 
PA terraced house.  However, these elevations must face south and north to optimise the daylight and 
maximise cross ventilation from the local south-westerly/north-easterly prevailing wind as well as 
alleviate east-west solar gain.  In this exercise, the grid and material of the conventional house is 
maintained.  Basically, the main spaces in both types of houses, particularly the number of bedrooms and 
bathrooms remain the same throughout the transformation.  The main differences between the 
conventional terraced house and PA terraced house are the attribution of landscape area and size of land. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Floor Plans Transformation of a Conventional 2-storey Terraced House (a) & (c) into a  PA Terraced House (b) & (d)  
4.3. Indoor Thermal Comfort Simulation 
Two rooms, namely master bedroom and living/dining area in both conventional and PA terraced 
houses are simulated for thermal and visual comfort using IES-VE internationally validated software.  
The result is compared to the thermal comfort zone ascertained in the study by Sh. Ahmad (2004), i.e., 
between 23.6 and 28.6oC.  The day of simulation is on 21 June, taking it as as a sample of hottest summer 
solstice; hence one of the worst case scenario for the study besides the month of March.  It is also 
assumed for the conventional house to face west where the internal heat gain is the most in the afternoon.   
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4.3.1. Result of Thermal Comfort in Conventional Terraced House 
 
Using thermal and daylighting software, conventional terraced house as in Figs. 3a and 3c is simulated 
to ascertain the air temperature in the living/dining area on the ground floor and master bedroom on the 
first floor (Fig. 4).   
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Front Elevation of 2-storey Conventional Terraced House 
It was found that on 21 June, the air temperature in the living/dining area is beyond the standard 
thermal comfort zone.  Throughout 24 hours, the room air temperature exceeds the upper limit of thermal 
comfort (28.6oC) by about 1K at 07:30 hrs. and peaked to 2.5K at 17:00 hrs.; and by about 1.5 K at night 
(Fig. 5).  On the contrary, the external air temperature is within the thermal comfort zone mostly at night 
and early morning between 19:00 hrs. and 10:00 hrs.  As such, the living/dining area needs either 
mechanical ventilation or mechanical cooling 24 hours in a day to bring the internal air temperature down 
into the thermal comfort zone.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Thermal Comfort Simulation Result in Living/dining Area of Conventional Terraced House on 21 June 
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Meanwhile, the same is happening in the master bedroom where the room air temperature is well 
above the upper limit of thermal comfort zone; hence mechanical cooling or mechanical ventilation is 
required for 24 hours to make occupant thermally comfortable (Fig. 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Thermal Comfort Simulation Result in Master Bedroom of Conventional Terraced House on 21 June 
4.3.2. Result of Thermal Comfort in PA Terraced House 
 
A PA terraced house as in Figs. 3b and 3d was created and simulated for thermal comfort (Fig. 7).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Front Elevation of 2-storey PA Terraced House 
The trees at the landscaped area on the north and south sides of the PA terraced house help to shade the 
house and reduce solar gain.  As a result, it was found that on 21 June, the room air temperature in the 
living/dining area was in the standard thermal comfort zone for about 15.5 hours between 23:00 hrs. and 
14.30 hrs. (Fig. 8).  In the afternoon and evening (between 14:30 hrs. and 23:00 hrs.), the effect of internal 
heat gain is unavoidable such that mechanical ventilation or mechanical cooling would be required to bring 
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the internal air temperature down into thermal comfort zone.  However, the extend of mechanical cooling 
is not much as the temperature surpassing the upper limit of comfort is less than 1K.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Thermal Comfort Simulation Result in Living/dining Area of PA Terraced House on 21 June 
On the other hand, the master bedroom offered better thermal comfort.  The simulation showed that the 
room air temperature was in the thermal comfort zone throughout the day (Fig. 9).  As such, it can be said 
that occupants using the master bedroom would not need mechanical cooling or mechanical ventilation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. Thermal Comfort Simulation Result in Master Bedroom of PA Terraced House on 21 June 
4.3.3. ROI at Fixed Sales Price for both Conventional and PA Terraced Houses 
The transformation of conventional terraced house into PA house is applied on a one hectare (2.5 
acres) land measuring 106.7 m (350 feet) by 97.5 m (320 feet).  Generally, the site can fit 56 units of 
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conventional terraced houses.  On the other hand, only 35 units of PA terraced houses can be configured 
tightly on the same one hectare site (Fig. 10).  Based on the ground floor plan, the terraced houses appear 
like semi-detached houses.  However, the provision for extra area for master bedroom on the first floor 
links one unit to another to maintain the concept of terraced house (Figs. 3d and 7).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. Housing Layout for (a) 56 Numbers of Conventional Terraced House;  (b) 35 Numbers of PA Terraced House on a One 
Hectare Site 
The assumption in calculating the ROI is that all critical criteria for demand and supply in the housing 
market including the developer’s pricing and sales strategy are constant.  The construction costs for built-
up area, car park area and landscape are taken to be RM752 per m2, RM215 per m2 and RM54 per m2, 
respectively.  The design, management, legal, financial and marketing costs are assumed at 25% of total 
construction cost.  It is also assumed that the land price is RM215 per m2 including infrastructure and that 
the total land cost for the development area sized at 10,405 m2 is distributed equally among the number of 
housing units; transferring all the land cost equally among the house buyers.  At a fixed selling price of 
RM250,000 per unit typically for a terraced house of 167 m2 built-up area, the ROI for PA terraced is 
positive, i.e., at 12%, showing that making PA housing scheme is not a loss on investment.    
Yong (2006) carried out a study on home buyers’ requirements within the districts in the state of 
Selangor, Malaysia to identify popular basic qualities and features of terraced house preferred by buyers.  
His study concerns 94 house buyers predominantly Malay and Chinese in Selangor with income between 
RM3,000 and RM5,000 per month.   According to Yong, his respondents recognised low density terraced 
housing area; innovative/contemporary house design concept; rectangular shape house layout; and 
south/north facing house as among the top 20 features desired by house buyers.   
In this study, the PA terraced houses have the desired features voted by respondents in Yong’s study.  
Firstly, low density housing development.  Secondly, PA terraced house has substantial amount of green 
area making it a conducive living environment.  Thirdly, the PA terraced houses are akin to semi-
detached houses that give more privacy to the owners.  Fourthly, the back lane which is associated with 
negative social irks like access for thieves and unattended rubbish area has been made redundant.  Based 
on these arguments and the compounding opportunity for low operational energy demand, PA terraced 
houses could fetch better selling price than the conventional houses, say at 10% more.  By factoring 10% 
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sales premium to PA terraced house; its ROI can match the return offered by conventional terraced house 
(Table 1). 
Table 1. ROI after adding 10% premium to the Sales Price of PA Terraced Houses 
 Conventional PA 
Fixed Selling Price per Unit (RM) 250,000.00 250,000.00 
Premium at 10% sales price (RM) - 25,000.00 
Total Sales (RM) 14,000,000.00 9,625,000.00 
Total  Development Cost (RM) 11,200,000.00 7,815,937.50 
Return on Investment (ROI) (%) 25.00 23.14 
5. Conclusion 
Conventional terraced house does not response adequately to the local climate.  As a result, this type of 
house inflicts thermal discomfort which means high operational energy cost.  Adapting PA design 
strategies to terraced houses can improve the indoor thermal comfort and alleviate the need for 
mechanical cooling.  In this study, the two rooms in the conventional terraced house need a total of 48 
hours of mechanical cooling to bring the air temperature into the thermal comfort zone.  On the other 
hand, the same rooms in the PA terraced house require a total of 8 hours of mechanical cooling to be in 
the thermal comfort zone.  The significant energy savings benefit of about 83% offered by the PA 
terraced house as compared to the conventional terraced house clearly demonstrate the environmental 
prospective of PA design strategies to home owners/occupants.     
Accordingly, the “90o rotation” of the conventional house layout to be PA terraced houses has caused 
for low density housing area that can effect for premiums on the sales price.  By factoring this premium in 
the sales price, PA terraced housing scheme offers competitive ROI, compatible with the conventional 
terraced houses development.  Nonetheless, a further study should be conducted to ascertain the 
marketability of PA terraced house to affirm its potential.  Until then, the paper shows that the 
environmental prospective of PA terraced house can indirectly benefit the developer. 
References 
 
CETDEM (Centre for Environment, Technology & Development, Malaysia) (2006). A CETDEM study on energy efficiency: 
working with the community on energy efficiency at household level in Petaling Jaya. 
Koch-Nielsen, H. (2007). Stay cool: A design guide for the built environment in hot climates. London: The Cromwell Press.  
Konya, A. (1980). Design primer for hot climates. London: The Architectural Press. 
Kubota, T. & Toe, D. H. C. (2008). Passive cooling of residential buildings in hot-humid climate of Malaysia: night ventilation 
technique.  Proceedings in the 9th SENVAR + 2nd ISESEE 2008 conference, Shah Alam: University Publication Centre, 153-
162. 
La Roche, P., Quiros, C., Bravo, G., Gonzalez, E. & Machado, M. (2001). Keeping cool: Principles to avoid overheating in 
buildings in S. V. Szokolay (Ed.), PLEA notes, Passive and low energy architecture international: Design tools and 
techniques. New South Wales: Research, Consulting and Communications (RC&C). 
Meteorology Department of Malaysia (2009). 
http://www.met.gov.my/index.php?option=com_content&task=view&id=75&Itemid=1089 [accessed 20.7.09]. 
310   Wan Rahmah Mohd Zaki et al. /  Procedia - Social and Behavioral Sciences  42 ( 2012 )  300 – 310 
Mohamed, Z., Zakaria, N. Z., Sh. Ahmad, S., Muhd Satar N. J. & Zain-Ahmed, A. (2008).  Thermal impact of building material on 
low-rise residential building in tropical climate.  Proceedings in the 9th SENVAR + 2nd ISESEE 2008 conference, Shah Alam: 
University Publication Centre, 3-14. 
Sh.Ahmad, S. (2004).  A study on thermal comfort and energy performance of urban multistorey residential buildings in Malaysia, 
Unpublished Ph.D, Brisbane: The University of Queensland. 
Thomas, R. & Garnham, T. (2007). The environments of architecture: Environmental design in context. Great Britain: Taylor & 
Francis. 
Tombazis A.N. & Preuss, S. A. (2001). Design of passive solar buildings in urban areas. Journal of Solar Energy, 70(3), 311-318. 
Yong, H. L. (2006). Home buyers requirements for housing development  within districts in Selangor, Unpublished M.Sc 
Dissertation.  Johor Bahru: The  Universiti of Technology Malaysia.   
Zaki, W. R. M., Nawawi, A. H. & Sh. Ahmad, S. (2007). Case study in passive architecture: energy savings benefit in a detached 
house in Malaysia,  Proceedings in the 24th Conference on Passive and Low Energy Architecture, University of Singapore, 
259-266. 
Zaki, W. R. M., Nawawi, A. H. & Sh.Ahmad, S. (2008). Energy savings benefit from passive architecture, Journal of Canada 
Centre of Science Education, 3, 51-63. 
 
